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$\tau=0$ (1) van der Pol $a<0$ $c>0$
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1: $F(x)$ 2 (1) ( $F(x)$ )
sirnple
$\mu_{\text{ }}$ $\lambda(\mu)\sim=\alpha(\mu)\pm i\omega(\mu)$











$\beta(0)\neq 0$ Taylor . $\mu$
$/\rfloor\backslash$
$(r, \theta)$ $\approx$ $(\sqrt{-\frac{\alpha^{J}(0)\mu}{\beta(0)}},\omega(0)b)$










$C=C([-\tau, 0], R^{n})$ $z_{t}\in C$
$z_{t}(s)=z(t+s)$ for $s\in[-\tau, 0]$
Delay
2 $(t)=Lz_{t}+f(z_{t})$
$\dot{z}(t)=Lz_{t}$ – simple $\pm i\omega$
$C$ $\pm i\omega$ – $P$
$C=P\oplus Q$
$P$ $\Phi$ adjoint
$\Psi$ $\Psi$ bilinear form
$z_{t}$
$z_{t}=\Phi u+w_{t}$ , $\Phi u\in P$, $w_{t}\in Q$




$\dot{u}$ $=$ $Bu+\Psi(0)f(\Phi u.+h(u))$
$\frac{d}{dt}h(u)$ $=$ $\hat{A}h(u)+(X0-\Phi\Psi(0))f(\Phi u+h(u))$
$h_{ij}\in C$ $\hat{A}$ $T(t)$
infinitesimal generator




(2) $\det\Delta(\lambda)=0$ , $\triangle(\lambda)=\lambda I-Ae^{-\lambda_{\mathcal{T}}}$
$A$ $2\cross 2$ Lemma ([5])
$\mathrm{z}$
Lemma 1 $A$ $\alpha_{k}e^{i\theta_{k}}(k=1,2;\alpha_{k}\geq 0, -\pi<\theta_{k}\leq\pi)$
(i) $\theta_{k}\neq\pi$ $0< \alpha_{k}\tau=|\theta_{k}|-\frac{\pi}{2}$ (2) simple $\pm i\alpha_{k}$
(ii) $\theta_{k}=\pi$ $0< \alpha_{k}\tau=\frac{\pi}{2}$ (2) $\pm i\alpha_{k}$
– $\theta_{j}=\pi$ $0< \alpha_{j^{\mathcal{T}}}=\frac{\pi}{2}(j\neq k)$ $\pm‘ i\alpha_{k}$
double (2)






(i) $a=2\sin\tau$ $0< \tau<\frac{\pi}{2}$ (1) – simple $\pm i$
(ii) $a= \frac{\pi}{2\tau}+\frac{2\tau}{\pi}$ $0< \tau<\frac{\pi}{2}$ (1) – simple $\text{ _{}\frac{\pi}{2\tau}}$
Proof. $A$ $\frac{-a\pm\sqrt{a^{2}-4}}{2}$




$=$ $-\sin\tau\pm i\cos \mathcal{T}$
$=$ $\cos(_{\mathcal{T}+}\frac{\pi}{2})\pm i\sin(\tau+\frac{\pi}{2})$
Lemma 1 (1) simple $\pm i$
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(ii) $a= \frac{\pi}{2_{\mathcal{T}}}+\frac{2\tau}{\pi}$ $0< \tau<\frac{\pi}{2}$





Lemma 1 (1) simple $\text{ }\pm \mathrm{Z}\underline{\pi}$
$2\tau$
3.2 $a=2\sin\tau+\mu$
Theorem 1 $\mu$ + $a=2\sin\tau+\mu$ $0< \tau<\frac{\pi}{2}\text{ }$
(i) $c>I\mathrm{t}^{r_{1}}b^{2}$ $\mu<0$
(ii) $c<K_{1}b^{2}$ $\mu>0$
$I \{_{1}’=-\frac{4(3\tau\cos 2\tau-4\mathrm{s}\mathrm{i}\mathrm{n}.\mathcal{T}+5\sin 2\tau)}{3(5-4\cos\tau)(5+4\cos 3\tau)}.\cdot$.
$p(t)\approx r_{0}(\sin(t+\mathcal{T}\cos t))+r_{0}^{2}$ ( $E_{1}\cos 2t-E2\mathrm{Z}\mathrm{s}$in $2b+E_{3}$ )
$r_{0}=\sqrt{-\frac{4\mu}{3(c-I\mathrm{t}_{1}b^{2})}}$
$E_{1}$ $=$ $\frac{b}{2(5-4\cos \mathcal{T})(5+4\cos 3\mathcal{T})}$ ,
$E_{2}$ $=$ $- \frac{b}{2(5-4\cos \mathcal{T})(5+4\cos 3\mathcal{T})}$ ,
$E_{3}$ $=$
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Proof. $\mu=0$ $\pm i$
$\Phi=(,$$)$ for $s\in[-\tau, 0]$
$\phi\in C$






$- \frac{4b\sec\tau}{3(1+\tau^{2})}\Phi+2E_{1}\cos 2S-2E_{2}.\sin 2S+2E_{3}$.
$h_{11}$ $=$ $- \frac{2b\sec\tau}{3(1+\tau^{2})}\Phi-2E_{2}\cos 2S-2E_{1}\sin 2S$
$h_{\mathit{0}2}$ $=$ $- \frac{2b\sec\tau}{3(1+\tau^{2})}\Phi-2E_{1}\cos 2\mathit{8}+2E_{2}.’\sin 2s+2E_{3}$.
Poincare
$\{$









Remark 1 Theorem 1 $Ii_{1}^{\Gamma}$ $\tau$ 2
$\tau$ $I\dot{\mathrm{t}}_{1}^{r}<0$ Theorem 1(i)
$c=0$ $b\neq 0$ $F(x)$ 2
$F(x)=ax+bx^{2}$ $a=2\sin\tau+\mu$ $\mu<0$ ( )
$b\neq 0$ $\tau=0$ –
3
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2: Theorem 1 $I\mathrm{t}_{1}’$
1 (1) $F(x)=aXebx$ $F(x)$ $x=0$ Tayor
$F( \dot{x})=ax+abx^{2}+\frac{ab^{2}}{2}x^{3}+O(x^{4})$
$\tau=0.5$ , $a=2\sin\tau-0.1$ , $b=-1.5$
Theorem 1 3
$\emptyset(t)=$ on $[-\tau, 0]$
4 ‘ Theorem 1
3.3 $a= \frac{\pi}{2\tau}+\frac{2\tau}{\pi}+\mu$
Theorem 2 $\mu$ + $a= \frac{\pi}{2\tau}+\frac{2\tau}{\pi}+\mu$ i\mbox{\boldmath $\delta$} $0< \tau<\frac{\pi}{2}$
(i) $c<I\mathrm{t}_{2}^{\nearrow}b^{2}$ $\mu>0$





4: 1 (1) ( $F(x)$ )
137
$p(t) \approx r_{0}(\frac{2_{\mathcal{T}}\mathrm{C}}{\pi}\mathrm{C}\mathrm{O}\mathrm{O}\mathrm{S}^{\frac{\pi}{\mathrm{S}2\tau}}\frac{\pi t}{2\cdot r}b)+r_{0}^{2}(E_{1}\cos\frac{\pi}{\tau}t-E2\sin\frac{\pi}{\tau}t+E_{3})$
$r_{0}=\sqrt{-\frac{4\mu}{3(c-\mathrm{A}_{2}b^{2})}}$,
$E_{1}$ $=$ $- \frac{b\tau}{5(\pi^{4}+4\tau)4}$ ,
$E_{2}$ $=$ $- \frac{b\tau}{5(\pi^{4}+4\tau^{4})}$ ,
$E_{3}$ $=$
Proof. $\mu=0$ $\pm i\omega$ ( $\omega=\underline{\pi}_{)}$
$2\tau$
$\Phi=(,$$)$ for $s\in[-\tau, 0]$
$\phi\in C$




$h_{20}$ $=$ $\frac{32b\pi\tau}{3(\pi^{2}+4)(\pi^{2}-4\mathcal{T}^{2})}\Phi+2E_{1}\mathrm{c}\mathrm{o}\mathrm{s}‘ 2\omega S-‘ 2E_{2}\sin 2\omega s+2E_{3}$
$h_{11}$ $=$ $- \frac{16b\pi\tau}{3(\pi^{2}+4)(\pi^{2}-4\mathcal{T}^{2})}\Phi-2E_{2}\cos 2\omega S-2E_{1}\sin 2\omega s$
$h_{\mathit{0}2}$ $=$ $\frac{16b\pi\tau}{3(\pi^{2}+4)(_{T^{2}-}4\mathcal{T})2}\Phi-2E_{1}\mathrm{c}\mathrm{o}\mathrm{s}‘ 2\omega s+2E_{2}\sin 2\omega.9+2E_{3}$.
Poincare
$\{$










Remark 2 Theorem 2 $K_{2}$ $\tau$ 5
$\tau$ $\pi/2$ $I\mathrm{t}_{2}^{\Gamma}>0$ Theorem 2(i)
$c=0$ $b\neq 0$ $F(x)$ 2
$F(x)=ax+bx^{2}$ $a= \frac{\pi}{2\tau}+\frac{2\tau}{\pi}+\mu$ $\mu>0$ ( )
$\pi/2$ $b\neq 0$
5: Theorem 2 $K_{2}$
2 (1) $F(x)=ax+bx^{2}+cx^{3}$
$\tau=0.5$ , $a=. \frac{\pi}{2_{\mathcal{T}}}+\frac{2_{\mathcal{T}}}{\pi}+0.1$ , $b=1$ , $c=-1$
Theorem 2 6




7: 2 (1) ( $F(x)$ )
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